Molecular mechanics explanation for the stereochemical and shape selectivity of B-DNA for "bay-region" carcinogens.
The equilibrium structures of 20 intercalated physical complexes of "bay-region" triol carbocations of polycyclic aromatic hydrocarbons (PAHs) with B-DNA are obtained by AMBER molecular modeling. The complexes with highly potent carcinogens are found (i) to undergo only minor conformational changes upon complexation, (ii) to be stabilized by hydrogen bonds between two hydroxyl groups of the triol carbocations and N3 atoms of the adjacent guanine residues, and (iii) to be "preorganized" for covalent bonding. A new explanation for the absolute stereochemical and shape dependence of carcinogenesis by PAHs is presented. The biologically active conformers of both carcinogenic stereoisomers (anti and syn) of triol carbocations are characterized by a quasi-diaxial orientation of the neighboring hydroxyl groups and fulfill the spatial requirements for hydrogen bonding to the adjacent guanine residues of B-DNA. The striking dependence of potency on the shape of the PAHs is largely caused by repulsion from the C2'-methylene groups of the deoxyribose residues of DNA. This interaction may shift the intercalated triol carbocation, thereby enhancing or reducing the preorganization for covalent bonding. The molecular modeling study is augmented by benchmark ab initio calculations on the bay-region triol carbocation of phenanthrene.